Aims Our purpose was to clarify the predictive clinical characteristics of add-on therapy using dapagliflozin in patients with type 2 diabetes mellitus. Methods This single-center, open-label, pilot study was conducted in 50 patients with type 2 diabetes mellitus. They were treated with 50 mg dapagliflozin, once daily. A total of 46 patients were successfully followed over 12 weeks of treatment with dapagliflozin. They were assessed for several clinical parameters before the start of the study and at 12 weeks. Multiple linear regression analysis was used to search for independent predictors of reduction of hemoglobin A1c (HbA1c) levels after 12 weeks of dapagliflozin add-on treatment (DHbA1c). Results Dapagliflozin administration for 12 weeks resulted in significant reductions in baseline body mass index, systolic blood pressure, fasting plasma glucose, HbA1c, alanine aminotransferase, and uric acid. We were also able to show that HbA1c levels and low-density lipoprotein cholesterol (LDL-C) significantly correlated with DHbA1c. Furthermore, multiple linear regression analysis showed that baseline HbA1c and LDL-C significantly correlated with DHbA1c. Conclusion Our prospective 12-week study showed that baseline HbA1c and LDL-C significantly contribute to the HbA1c-lowering effect of dapagliflozin.
Introduction
There is a continuing unmet need for novel glucose-lowering therapies that provide durable glycemic control while avoiding hypoglycemia, weight gain, and fluid retention, which are recognized problems with a number of existing glucose-lowering drugs [1] [2] [3] . Dapagliflozin is a new orally active sodium-glucose cotransporter 2 (SGLT2) inhibitor under development by Bristol-Myers Squibb and AstraZeneca. Dapagliflozin's mechanism of action is different from and complementary to the mechanism of currently available antidiabetic medications, resulting in direct and insulin-dependent elimination of glucose by the kidneys. The resulting glycosuria is associated with plasma glucose reductions and caloric loss, leading to weight reduction, and mild osmotic diuresis, leading to blood pressure reduction [4, 5] . Furthermore, because SGLT2 is almost exclusively expressed in the kidney, the highly selective nature of dapagliflozin minimizes the risk of off-target effects [6] . As such, dapagliflozin offers an important additional strategy for improving glycemic control in patients with type 2 diabetes mellitus.
In order to use dapagliflozin as an add-on therapy for patients with type 2 diabetes mellitus, it is important to know the predictive clinical characteristics for its therapeutic efficacy. Therefore, we performed multiple linear regression analyses, with the index of reduction in the hemoglobin A1c (HbA1c) level as the dependent variable, to search for independent predictors of the reduction in the HbA1c level after 12 weeks of dapagliflozin treatment in Japanese patients with type 2 diabetes mellitus.
Materials and methods

Subjects
This single-center, open-label, pilot study was conducted in 50 patients with type 2 diabetes mellitus whose HbA1c was higher than 6.0 % at Iwasaki Naika Clinic. Patients were enrolled between August 2014 and January 2015. The specific patient eligibility criteria for inclusion were as follows: male and female patients with type 2 diabetes mellitus; age C20 years; treated with hypoglycemic agents that had not been changed for at least 6 months. Patients were excluded if they had type 1 diabetes; had nephropathy (serum creatinine: [1.1 mg/dl); were pregnant or breastfeeding; intended to become pregnant or were female and of childbearing age and not using adequate contraceptive methods; had known/suspected allergy to trial medication(s), excipients, or related products; and had any contraindications to dapagliflozin-therapy.
The 50 patients with type 2 diabetes mellitus were treated with 50 mg dapagliflozin once daily. They were assessed for several clinical parameters, including body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting plasma glucose (FPG), HbA1c levels, aspartate aminotransferase (AST), alanine aminotransferase (ALT), c-glutamyltransferase (GGT), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), creatinine, and uric acid before the start of the study and at 12 weeks. The primary outcome of the study was changes in HbA1c at 12 weeks after the start of the study (DHbA1c).
The study protocol conformed to the principles of the Declaration of Helsinki, and the study was approved by an institutional review committee at Iwasaki Naika Clinic. Written informed consent was obtained from all the patients. This study is registered at the University Hospital Medical Information Network (UMIN) Clinical Trials Registry (UMIN000014922).
Statistical analysis
Data are expressed as mean ± standard deviation, unless indicated otherwise. Differences between two variables were examined for statistical significance using two-tailed Student's paired or unpaired t tests where appropriate. Baseline HbA1c level minus HbA1c level at 12 weeks after the start of add-on dapagliflozin is expressed as DHbA1c. Baseline BMI level minus BMI level at 12 weeks after the start of add-on dapagliflozin is expressed as DBMI. Because the relationships between continuous variables (i.e., age, duration of diabetes, BMI, SBP, DBP, FPG, HbA1c, AST, ALT, GGT, LDL-C, HDL-C, TG, creatinine, uric acid, and DHbA1c) were nonlinear, correlations between sets of two independent continuous variables were determined using Spearman's rank correlation coefficient. Multiple stepwise regression analysis was used to determine independent predictors of DHbA1c and DBMI. All variables considered a clinically meaningful parameter for a given patient's background were employed as independent variables in multivariate analysis (i.e., sex, age, duration of diabetes, BMI, HbA1c, and LDL-C). The F value for the inclusion of the variables was set at 4.0. The level of statistical significance was set at P \ 0.05. All statistical analyses were performed with StatView version 5.0 for Windows (SAS Institute, Cary, NC, USA).
Results
Patient demographics and baseline characteristics
A total of 50 patients were enrolled in the present study, and 46 were successfully followed over the 12-week treatment with dapagliflozin. Four patients were excluded from analysis: one with cystitis, one with a feeling of exhaustion, and two who dropped out (Fig. 1) . The baseline demographics and clinical characteristics of the study subjects are shown in Table 1 . The mean age was 62.5 ± 10.8 years, mean HbA1c was 7.71 ± 0.925 %, mean BMI was 26.4 ± 4.85 kg/m 2 , and mean disease duration was 14.8 ± 8.08 years. Table 1 also shows the number of participants who received antidiabetic agent(s) orally prior to the study: sulfonylurea, 38; metformin, 30; thiazolidinedione, 7; dipeptidyl peptidase-4 (DPP-4) inhibitor, 47; insulin injection, 11; glucagon-like peptide-1 (GLP-1) analogue injection, 2.
Clinical characteristics of 46 patients who received dapagliflozin at baseline and after 12 weeks of treatment Dapagliflozin administration for 12 weeks resulted in significant reductions in BMI (26.0 ± 4.85 to 25.9 ± 4.99 kg/m 2 , P \ 0.0001), SBP (131 ± 12.0 to 124 ± 12.6 mmHg, P \ 0.0001), FPG (139 ± 18.1 to 123 ± 16.9 mg/dL, P \ 0.0001), HbA1c (7.72 ± 0.925 to 7.22 ± 0.730 %, P \ 0.0001), ALT (31.7 ± 21.1 to 27.9 ± 16.1 IU/l, P = 0.0447), and uric acid (4.94 ± 1.39 to 4.55 ± 1.36 mg/dl, P = 0.0101) ( Table 2) .
Correlation between baseline characteristics and change in HbA1c levels and BMI levels
We examined the correlation between the baseline characteristics and the change in HbA1c levels (DHbA1c) and found that baseline HbA1c levels and LDL-C significantly correlated with DHbA1c (Table 3 ). The distribution plots among DHbA1c and baseline HbA1c as well as baseline LDL-C are shown in Fig. 2 . We also examined the correlation between the baseline characteristics and the change in BMI levels (DBMI) and found that baseline SBP, DBP, and HDL-C significantly correlated with DBMI (Table 3) . Multivariate linear regression analysis of baseline characteristics to assess the contribution to change in HbA1c levels
To assess the contribution to change in HbA1c levels, we performed multivariate linear regression analysis of the baseline clinical characteristics. In the analysis, HbA1c levels and LDL-C significantly correlated with the change in HbA1c levels (DHbA1c), suggesting that these characteristics may be predictive factors for the efficacy of dapagliflozin add-on therapy (Table 4) . To assess the contribution to change in BMI levels, we also performed multivariate linear regression analysis of baseline clinical characteristics; however, there were no significant correlations with change in BMI levels (DBMI) (data not shown).
Discussion
In this single-center, open-label, pilot study, we investigated the efficacy of dapagliflozin treatment in 50 Japanese outpatients with type 2 diabetes mellitus; 46 patients were successfully followed over a 12-week treatment period. We demonstrated that dapagliflozin administration for 12 weeks resulted in significant reductions in BMI, SBP, FPG, HbA1c, ALT, and uric acid ( Table 2 ). Kaku et al. also reported that in Japanese patients with type 2 diabetes mellitus, dapagliflozin administration for 12 weeks resulted in significant reductions in FPG and HbA1c [7] . Kashiwagi et al. reported that ipragliflozin as an add-on to a sulfonylurea or pioglitazone significantly improved glycemic control in Japanese type 2 diabetes patients [8, 9] . We were also able to show that HbA1c levels and LDL-C significantly correlated with DHbA1c (Table 3) . Furthermore, multiple linear regression analysis showed that baseline HbA1c and LDL-C significantly correlated with DHbA1c. Therefore, we demonstrated that baseline HbA1c and LDL-C contributed to the HbA1c-lowering effect of dapagliflozin in Japanese patients with type 2 diabetes mellitus (Table 4) , confirming the previously reported association between the baseline HbA1c and the HbA1c-lowering effect of dapagliflozin [10] . Among the 46 patients who completed the study, 35 (76 %) received statin prior to the study. Therefore, we performed multiple linear regression analysis that included LDL-C and statin therapy prior to the study. LDL-C was significantly associated with DHbA1c, including statin therapy (data not shown).
Dapagliflozin had varied effects on plasma lipids. Changes in LDL-C (-0.5 to ?9.5 %), HDL-C (?2.1 to ?9.3 %), and TG (-0.9 to -10.6 %) were noted in clinical trials [11] . In a pooled analysis of 13 clinical trials, patients treated with 10 mg of dapagliflozin had increased LDL-C BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, HbA1c hemoglobin A1c, AST aspartate aminotransferase, ALT alanine aminotransferase, GGT c-glutamyltransferase, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglycerides (2.9 versus -1.0 %) at 24 weeks compared with patients treated with placebo [12] . In our study, LDL-C was also increased after 12 weeks of treatment with dapagliflozin, but not significantly. It was reported that conditions with increased glucagon levels decreased plasma LDL-C by inducing the number of hepatic LDL receptors [13] and that dapagliflozin increased the postprandial plasma glucagon concentration [14, 15] . As LDL-C is associated with a component of glucagon, baseline LDL-C might be related to the HbA1c-lowering effect of dapagliflozin.
The major limitation of this study is the limited number of subjects studied. All the subjects received add-on therapy of various kinds. Drug-naïve patients should be included in our study. In addition, the study duration may be a limitation, because the extent of glycemic response may not have been fully elucidated over this time frame. Furthermore, other markers that could have affected the HbA1c reduction due to dapagliflozin were not measured in this study, such as waist circumference as a marker of central obesity, markers for the assessment of b-cell function in homeostatic models, and basal active GLP-1. Therefore, more subjects and more detailed clinical parameters are needed in the future to avoid overestimation of the data obtained.
In conclusion, this prospective 12-week study showed that baseline HbA1c and LDL-C significantly contribute to the HbA1c-lowering effect of dapagliflozin. More longterm analysis of a larger patient population is warranted to confirm these findings.
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